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ABSTRACT: Local wisdoms such as a tradition, land-use system and etc. had sometimes mitigated tsunami damages in 
Indonesia. The effective use of those local wisdoms is strongly desired especially in developing countries, because it is 
quite difficult for those countries to allocate enough budgets for constructing hard type countermeasures against tsunami. 
Among local wisdoms against tsunami hazard, this study evaluates the efficiency of a hollow topography which can be 
seen on the beach along Lampon village in Indonesia. Artificial hollows are arrayed on the beach as one of the local 
wisdoms in Lampon village to reduce the intensity of inundated tsunami flow. Hollow topography means a low ground 
that is locally dug by residential people as one of the countermeasures based on the local wisdom. The numerical 
simulation of tsunami inundation is conducted to evaluate the efficiency of this hollow topography. Furthermore, this 
study evaluates the efficiency of some contrivances, such a combination of vegetation area and a multiple-use of hollow 
and embankment topography, in order to enhance the performance of countermeasure based on the local wisdom. This 
study is also described the GIS analysis for spatial planning based on the result of numerical simulation. 
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INTRODUCTION 
In some areas of Indonesia, Malaysia and Thailand, 
forests saved lives, houses and properties by acting like a 
giant dampener (Fogarty 2005). The relatively low death 
toll on the Indonesian island of Simeuleu, close to the 
earthquake’s epicenter, has been attributed partly to the 
surrounding mangrove forests and their local wisdom. 
Yanagisawa et al. (2009) reported in their research 
techniques into their site survey analysis and produced 
analytical results. They showed that with a 400 m forest 
width, 26 % of the inundation depth was reduced while a 
1,000 m of forest width would reduce about 45 % of the 
inundation depth at a maximum current velocity of 5 m/s 
and tsunami heights between 4 and 8 m.  
In beach forests, sufficient forest width is necessary 
to absorb enough of the tsunami’s energy to reduce flow 
velocity and depth before exiting the forest. In Indonesia, 
for example, 40 meters of beach forest was effective in 
the 2006 West Java tsunami in reducing 6-7 meter waves 
to just 1.6 meters (Latief and Hadi, 2006). In Sri Lanka, 
Pandanus sp and Cocus nucifera sp arrested the 2004 
tsunami at 100 meters for 4.5-5.5 meter wave 
(Ranasinghe, 2006), and elsewhere at 155 meters for a 
6.0 meter wave (Tanaka et al, 2007).  
Lampon village in Banyuwangi on Java Island had 
experienced an earthquake with magnitude 7.6 in 1994. 
A sizeable tsunami hit this coast 50 minutes after the 
main shock. The tsunami height at a point in Lampon 
village was measured as 5.4m (Tsuji et al, 1995). On the 
other hand, 9.1m tsunami height was also measured at a 
point on the seaside where 1km east of the village. 
Between these two points, there is a vegetation area and 
an artificial hollowed area. In this earthquake, those 
topographic features might reduce the tsunami energy in 
Lampon village.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 Typical coastal area in Lampon village 
 
An aerial photo in Fig.1 introduces a typical coastal 
area in Lampon village, Banyuwangi, Indonesia. A 
vegetation area and a hollow topography can be seen in 
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this photo. There are some artificial hollows on this 
beach, and those averaged size is about 100m in length, 
20m in width and 2m in depth.  
Fig.2 shows other typical of coastal area in Southern 
Java Island and this is in Telengria beach, Pacitan. There 
are sand dunes, grass area and vegetation area on this 
beach, and those averaged size is about 60m in width of 
sand dune, 50m of grass area and width of vegetation 
area is about 75m.  
This study evaluates the efficiency of the topography 
modification in reducing tsunami inundation depth and 
velocity. Two-dimensional numerical analysis is 
conducted to investigate the inundation flow over the 
hollow topography.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2 Typical coastal area in Telengria beach, Pacitan 
 
Furthermore, this study evaluates the efficiency of 
some contrivances, such a combination of vegetation 
area a multiple-use of hollow and embankment 
topography in order to enhance the performance of 
countermeasure based on the local wisdom.  
The result of hydraulic force analysis and decreasing 
of some parameters in numerical simulation were used in 
GIS analysis for spatial planning on coastal area, 
especially to predict the vulnerable area due to tsunami 
hazard on the beach along Southern Java Island, 
Indonesia. 
 
METHODOLOGY 
There are two parts of analysis conducted in this 
report; numerical simulation analysis and GIS analysis. 
Numerical analysis was conducted to analyze several 
typical of beach topography and configurations. Spatial 
analysis was conducted using GIS tools based on the 
reduction of tsunami inundation energy in numerical 
simulation.   
Numerical wave flume  
This study employs Cadmas-Surf/2D to conduct a 
numerical simulation. In Fig. 1 and Fig. 2 shows the 
longitudinal profile and the plane view of typical beach 
in Southern Java Island. Fig.1 shows a sandy beach with 
30m to 60m in width can be seen along Lampon village. 
There is a vegetation area after sandy beach. The width 
of vegetation area is about 60m to 120m. The hollow 
topography is located between vegetation areas and 
residential and the hollow topography has about 120m in 
length, 20m in width and 2m in depth.  Fig. 2 shows a 
sandy beach and grass area with 100m to 150m in width 
can be seen along Telengria beach in Pacitan. The width 
of vegetation area is about 60m to 120m after sandy 
beach. According to the configuration of coastal 
topography on Lampon village and Pacitan city, this 
study set the numerical wave flume as shown in Fig. 3. 
The flume has 750m in length and 35m in height. The 
offshore wave depth is maintained as 10m as shown in 
the upper figure of Fig. 3. A uniform sea bottom slope 
with 1/28 is set in the flume, and hollow topography is 
also set on a flat section. 
 
 
 
 
 
 
 
 
 
Fig. 3 Schematics of numerical wave flume 
 
The lower figure in Fig. 3 shows the location of 
hollows and embankment. This figure is Case-15, which 
is explained in letter section. The  numerical  grid  in  x  
and  z  direction  is  set as  x=0.25m and z =0.25m, 
respectively. 
 
Configuration of Numerical  
This study considers embankment in addition to the 
hollow topography. Embankment could be formed with 
utilizing the dug materials obtained from hollow 
excavation. In numerical simulation, it is assumed that 
the topography in numerical flume is impermeable, and 
the topography keeps its original form even under the 
wave actions. 
Table 1 shows the list of numerical experiments 
conducted in this study. Fifteen cases consist of six 
groups, which are Case-2 and 3, Case-4 and 5, Case-6 
and 7, from Case-8 to Case-11, Case-12 and 13, and 
Case-14 and 15. Case-1 has a simple slope without any 
special topography. The effectiveness of seawall 
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Case Configuration of topography W Ho W Veg DB Veg
1 simple slope - - -
2 seawall (Height = 2m) - - -
3 seawall (Height = 3m) - - -
4 hollow 100 m - -
5 hollow 200 m - -
6 hollow + embankment 100 m - -
7 hollow + embankment 200 m - -
8 vegetation - 100 m 5.0 m
9 vegetation - 200 m 5.0 m
10 vegetation - 100 m 2.5 m
11 vegetation - 200 m 2.5 m
12 hollow + embankment +  vegetation 100 m 87.5 m 2.5 m
13 hollow + embankment +  vegetation 200 m 187.5 m 2.5 m
14 embankment +  hollow + embankment +  vegetation 200 m 187.5 m 2.5 m
15 embankment +  hollow + embankment +  vegetation 100 m 87.5 m 2.5 m
investigated in the case of single embankment. Case-2 
and 3 which are similar to the dike construction with 5m 
in length, 2m (Case-2) and 3m in height (Case-3), it is 
set 320m from the beginning of the numerical flume. 
Case-4 and 5 has a hollow topography. The hollow 
topography has a rectangular shape with 100m and 200m 
in length and 2m in depth. Case-6 and 7 is the single 
combination of hollow and embankment topography, 
where the hollow topography is set on the seaside of the 
embankment.  
 
Table 1 List of numerical experiments in this study 
 
 
 
 
 
 
 
 
 
 
 
 
 
The embankment has a rectangular shape with 20m 
in length and 2m in height. Case-12 and 13 is also the 
combination of embankment and hollow topography 
with vegetation belts on the beach side. Numerical 
experiments from Case-14 and 15 investigate the 
combination case of hollow and embankment 
topography with vegetation area. Numerical experiments 
from Case-8 to Case-13 investigate the case with 
vegetation area. In the vegetation cases, the vegetation 
area have two variant in width 100 and 200m, density 3 
to 5 trees/meter and, and its porosity is set as 0.97 in 
numerical simulation according to the experimental 
studies by Harada (2002) and Suzuki (2010). 
According to the averaged tsunami height observed 
in Lampon village (Tsuji et al., 1995), this study 
generates a bore type tsunami with 6m in height.  
 
Spatial Planning on GIS analysis 
The geo processing functions in ArcGIS simplify the 
process of selecting, projecting, processing, buffering, 
and converting data into formats that work well with 
each other (N. Merati et al. 2010). In this study, GIS 
analyses are used to predict the vulnerable area base on 
the results of numerical simulation. Application of 
numerical simulation in spatial planning needs some 
treatment and deeper analysis. To predict tsunami 
inundation area, we conducted several parameters in 
numerical simulation such as width and density of 
vegetation for vegetation belts, and other parameters 
such as width, depth, and height of hollow area or 
embankment for modification of topography. In GIS 
analysis, the important parameter to identify decreasing 
of tsunami inundation energy is horizontal force (α).  
 
ANALYSIS AND RESULTS 
 
Reduction of Wave Height and Velocity  
In this study, both water surface elevation and flow 
velocity are measured at three locations, 330m, 600m 
and 625m from the input boundary, as the reference 
points in order to evaluate the reduction effect of 
tsunami inundated flow on the inundation section as 
shown in Fig. 3. 
 
Numerical results Case-1, 2 and 3 
Theoretical pressure profiles from water-wave impact 
on walls have been studied in great detail by Peregrine 
(2003). His review said that more violent impacts of 
water waves on walls create velocities and pressures 
having magnitudes much larger than those associated 
with the propagation of ordinary waves under gravity.  
These effects have been gained by irrotational-flow 
computations and by investigating the role of entrained 
and trapped air in wave impacts. In this study, we 
conducted the numerical simulation for seawall cases as 
a modern countermeasure.  
 
 
 
 
 
 
 
 
Fig. 4 Snapshot of tsunami inundation at t=60 sec (case-
2 and case-3) 
 
 
 
 
 
 
 
 
 
Fig. 5 Profiles of inundated flow depth and velocity at 
600m location (Case-1, 2 and 3) 
 
Fig. 4 shows the snapshot of tsunami inundation in 
Case-2 and 3. The reflection of the inundated flow can 
be observed on the landward slope of the seawall when 
Case-2 
 
Case-3 
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330m 600m 625m 330m 600m 625m
1 4.53 3.24 3.15 7.01 6.42 6.29
2 6.87 2.43 2.28 6.48 5.71 5.48
3 7.79 2.11 2.05 5.67 5.45 5.33
Wave height (m) Velocity (m/s)
Case
330m 600m 625m 330m 600m 625m
1 4.53 3.24 3.15 7.01 6.42 6.29
4 4.53 3.18 3.09 7.01 5.90 5.79
5 4.53 3.13 3.04 7.01 5.88 5.76
Case
Wave height (m) Velocity (m/s)
330m 600m 625m 330m 600m 625m
1 4.53 3.24 3.15 7.01 6.42 6.29
6 4.53 2.41 2.38 7.01 4.56 4.50
7 4.53 2.33 2.27 7.01 3.94 3.89
Case
Wave height (m) Velocity (m/s)
the flow over this dike configuration. This flow 
reflection becomes larger in this group at 330m 
measurement point after hit the seawall. The flow 
reflection at 600m and 625m are decreased about 1.00m 
in comparison with Case-1. Fig. 5 shows the water 
surface profiles and velocity ones at 625m location from 
the input boundary. 
 
Table 2 Maximum inundated flow depth and velocity at 
330m, 600m and 625m locations (Case-1, 2 and 3) 
 
 
 
 
 
Table 2 shows the maximum values of flow depth and 
velocity obtained from the profiles in Fig. 5.  
 
Numerical results Case-1, 4 and 5 
Fig. 6 shows the snapshot of tsunami inundation in 
Case-4 and Case-5. In Case-4, the small reflection of the 
inundated flow can be observed on the landward slope of 
the hollow topography when the flow over this hollow. 
The width of hollow area not give a significant 
contributes in wave decreasing. The other hand, flow 
reflection becomes larger because the end of hollow 
increases the crest level on the landward slope. Fig. 7 
shows the water surface profiles and velocity ones at 
625m location from the input boundary. 
 
 
 
 
 
 
 
Fig. 6 Snapshot of tsunami inundation at t=60 sec (case-
4 and case-5) 
 
 
 
 
 
 
 
 
 
Fig. 7 Profiles of inundated flow depth and velocity at 
600m location (Case-1, 4 and 5) 
 
Table 4 shows the maximum values of flow depth 
and velocity obtained from the profiles in Fig.7. Both of 
Case-4 and 5 are not efficient in reducing inundated flow 
depth and velocity. The reflection of the inundated flow 
on the landward slope after flow over the hollow area 
was not too significant. Other interesting result is the 
inundated flow depth and velocity in Case-4 and Case-5 
in comparison with Case-2 and Case-3 which have 
similar result. This group is slightly reduces the flow 
depth and velocity in comparison with Case-1. 
 
Table 4 Maximum inundated flow depth and velocity at 
330m, 600m and 625m locations (Case-1, 4 and 5) 
 
 
 
 
 
Numerical results Case-1, 6 and 7 
Fig. 8 shows the water surface profiles and velocity 
in Case-6 and 7. Fig. 8 also shows the profiles at the 
same location in several cases before. In Case-6 and 7, 
an embankment is setup after the hollow topography.  
 
 
 
 
 
 
 
Fig. 8 Snapshot of tsunami inundation at t=60 sec (case-
6 and case-7) 
 
 
 
 
 
 
 
 
 
Fig. 9 Profiles of inundated flow depth and velocity at 
600m location (Case-1, 6 and 7) 
 
Table 5 Maximum inundated flow depth and velocity at 
330m, 600m and 625m locations (Case-1, 6 and 7) 
 
 
 
 
 
The effect of the embankment in reducing the 
intensity of inundation flow seems better than previous 
cases before. Table 5 shows the maximum values of the 
inundated flow depth and velocity obtained from the 
profiles in Fig. 8 and Fig. 9. In this group, Case-7 has the 
Case-4 
 
Case-5 
 
Case-6 
 
Case-7 
 
 K. Murakami and F. Usman 
 
578 
 
330m 600m 625m 330m 600m 625m
1 4.53 3.24 3.15 7.01 6.42 6.29
8 4.53 2.92 2.89 7.01 4.65 4.60
9 4.53 2.68 2.63 7.01 4.54 4.53
10 4.53 2.61 2.55 7.01 3.81 3.83
11 4.53 2.52 2.47 7.01 3.58 3.60
Case
Wave height (m) Velocity (m/s)
330m 600m 625m 330m 600m 625m
1 4.53 3.24 3.15 7.01 6.42 6.29
12 4.53 2.36 2.30 7.01 3.76 3.71
13 4.53 1.93 1.85 7.01 3.21 3.11
Case
Wave height (m) Velocity (m/s)
highest efficiency in reducing inundated flow depth and 
velocity. This case consists of the wider hollow area than 
Case-6. In this case some volume of water trapped in 
hollow topography after hit the dike configuration. 
 
Numerical results Case-1 and from Case-8 to 11 
Numerical experiments in this group investigate the 
effectiveness of vegetation belts in reducing inundated 
flow energy. The important parameters in this group are 
width and density of the vegetation.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 10 Snapshot of tsunami inundation at t=60 sec (from 
case-8 to 11) 
 
 
 
 
 
 
 
 
Fig. 11 Profiles of inundated flow depth and velocity at 
600m location (from case-8 to 11) 
 
Fig. 10 shows the snapshot of tsunami inundation 
from Case-8 to Case-11. The results of this group are 
shown that the effect of vegetation area in reducing the 
intensity of inundation flow seems small in this study.  
 
Table 6 Maximum inundated flow depth and velocity at 
330m, 600m and 625m locations (from Case-8 to 11) 
 
 
 
 
 
 
Due to the smaller effect of vegetation area on 
reducing tsunami energy, the water surface profiles and 
velocity ones in each figure seems similar to the results 
in Fig. 11 even the simulation conducted in different 
width and density of vegetation setup.  
Table 6 shows the maximum values of the inundated 
flow depth and velocity obtained from the profiles in 
Fig.10 and Fig.11. In this group, Case-11 has the highest 
efficiency in reducing inundated flow depth and velocity. 
 
Numerical results Case-1, 12 and 13 
This group consists of the hollow topography, 
vegetation, and embankment and each section is arrayed 
from the seaside to the landward. As discussed in 
previous section, this reducing function is obtained from 
the high density of vegetation belts and trapping effect of 
embankment configuration as seen in group 3 and 4. Fig. 
12 shows the snapshot of tsunami inundation in Case-12 
and 13. Case-13 shows good performance in reducing 
the inundation flow, though the efficiency seems slightly 
inferior to Case-12. This group arranges the embankment 
after the hollow topography, and vegetation area is setup 
in dug area.  
 
 
 
 
 
 
 
Fig. 12 Snapshot of tsunami inundation at t=60 sec 
(case-12 and case-13) 
 
 
 
 
 
 
 
 
Fig. 13 Profiles of inundated flow depth and velocity at 
600m location (Case-1, 12 and 13) 
 
Table 7 Maximum inundated flow depth and velocity at 
330m, 600m and 625m locations (Case-1, 12 and 13) 
 
 
 
 
 
The embankment arranged after the hollow enhances 
the good performance in reducing the intensity of 
inundation flow as shown on previous result in Case-6 
and 7. Table 7 shows the maximum values of the 
inundated flow depth and velocity obtained from the 
profiles in Fig.12 and Fig.13. 
Case-8 
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330m 600m 625m 330m 600m 625m
1 4.53 3.24 3.15 7.01 6.42 6.29
14 4.53 1.75 1.72 7.01 3.05 3.00
15 4.53 1.09 1.02 7.01 1.68 1.63
Case
Wave height (m) Velocity (m/s)
Case H Hi/H1 u ui/u1 a
1 3.15 100.00% 6.29 100.00% 100.00%
2 2.28 72.38% 5.48 87.12% 104.87%
3 2.05 65.08% 5.33 84.74% 110.33%
4 3.09 98.10% 5.79 92.05% 86.38%
5 3.04 96.51% 5.76 91.57% 86.89%
6 2.38 75.56% 4.50 71.54% 67.74%
7 2.27 72.06% 3.89 61.84% 53.07%
8 2.89 91.75% 4.60 73.13% 58.29%
9 2.63 83.49% 4.53 72.02% 62.12%
10 2.55 80.95% 3.83 60.89% 45.80%
11 2.47 78.41% 3.60 57.23% 41.78%
12 2.30 73.02% 3.71 58.98% 47.65%
13 1.85 58.73% 3.11 49.44% 41.63%
14 1.72 54.60% 3.00 47.69% 41.66%
15 1.02 32.38% 1.63 25.91% 20.74%
Numerical results Case-1, 14 and 15 
Numerical experiments of Case-14 and Case-15 
investigate the multiple-use of embankment, vegetation 
and hollow in reducing inundated flow energy. Fig.14 
shows the snapshot of tsunami inundation in this group. 
 
 
 
 
 
 
 
Fig. 14 Snapshot of tsunami inundation at t=60 sec 
(case-14 and case-15) 
 
 
 
 
 
 
 
 
 
Fig. 13 Profiles of inundated flow depth and velocity at 
600m location (Case-1, 12 and 13) 
 
As shown in Case-15, larger flow reflection can be 
observed in front of the embankment which is set 
between vegetation and hollow topography. It seems that 
the topography with embankment and hollow on shore 
side diminishes the inundated flow at first, and landward 
topography reduces the intensity of tsunami inundation 
again due to the flow reflection significantly.  
Fig.15 shows the water surface profiles and velocity 
ones at 625m location of Case-14 and15. It is clear that 
the multiple-use of hollow, vegetation and embankment 
reduces the inundated water depth and velocity in 
comparison with the previous results. 
 
Table 8 Maximum inundated flow depth and velocity at 
330m, 600m and 625m locations (Case-1, 14 and 15) 
 
 
 
 
 
Furthermore, the multiple-use of hollow and 
embankment extremely shortens the duration of 
inundation as well. This means that the mass of water 
inundates into landward may be reduced extremely by 
the multiple uses of hollow and embankment topography.  
Table 8 shows the maximum flow depth and velocity 
obtained from the profiles in Fig. 14. Case-15 has the 
highest efficiency in reducing inundated flow depth and 
velocity in this group. Regarding the limitation of beach 
width, combination of hollow and embankment 
topography may be arrayed without eliminate the 
vegetation area before residential area for better trapped 
effect from embankment and hollow configuration. 
 
Horizontal force due to inundated flow 
Reduction of the inundated flow depth and velocity 
leads the smaller hydraulic force acting on some 
structures on landward area. Fig. 16 shows the 
comparison of hydraulic force caused by the inundation 
flow. 
 
Table 9 Comparison of velocity, wave height and 
horizontal force due to inundated flow at 625m 
 
 
 
 
 
 
 
 
 
 
 
 
The index, ai, in this figure means a ratio of the 
hydraulic force, and it is defined as aI= (ui2/hi)/ (u12/h1). 
In this equation, i mean a case number, and u1 and h1 
means the inundated flow velocity and water depth in 
Case-1 which has a uniform simple slope and flat section. 
  
 
 
 
 
 
 
 
 
 
 
Fig. 16 Ratio of hydraulic force against Case-1 that is 
evaluated at 600m and 625m locations 
 
Single hollow topography in Case-4 reduces the force 
more than 80% in comparison with Case-1. It is clear 
that parallel use of embankment and hollow topography 
as seen in Case-6 reduces the force more. In Case-7 
found that trap effect of hollow topography due to 
tsunami was effective to decrease the horizontal force. 
Case-14 
 
Case-15 
 
 K. Murakami and F. Usman 
 
580 
 
No Case Coverage Inundation Residential Ri/R1
Area (Ha) Area (Ha) (%)
1 1 100% 973.66 263.81 100.00%
2 4, 5 85% 888.46 226.66 85.92%
3 6 70% 703.01 107.73 40.84%
4 8, 9 60% 599.52 86.92 32.95%
5 7, 12 50% 516.86 58.96 22.35%
6 11, 13, 14 40% 381.78 29.09 11.03%
7 15 20% 233.93 5.80 2.20%
These results mean that the use of local wisdom, which 
is a modification of coastal topography developed in 
Lampon village, could be one of the favorable 
countermeasures against tsunami attack. Furthermore, 
the multiple-use of embankment and hollow topography 
enhances the efficiency of reducing hydraulic force as 
seen in Case-15. 
 
Numerical Simulation and spatial planning on GIS 
analysis 
In this study, application of numerical simulation in 
spatial planning based on ratio of horizontal force (α) as 
shown on Fig. 16.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 17 Inundation and prone area in Case-1 
 
In predict decreasing of tsunami inundation energy is 
according to several parameters such as; width and 
density of vegetation, and width, depth, and height of 
hollow area or embankment for modification of 
topography. In this study, the important parameter to 
identify decreasing of inundation is horizontal force due 
to inundated flow. Table 9 shows the comparison of 
velocity, wave height and hydraulic force against simple 
slope case (Case-1) at 600m and 625m. 
To analyses and generate the numerical result in 
spatial planning on GIS, this study choose Pacitan City 
as a case study which typical of the coastal area in 
Southern Java Island. The inundation and vulnerable 
area are generated in GIS analysis according to 
numerical simulation results as seen and describe on 
Table 9, Fig. 16, Fig. 17 and Fig. 18.  
Fig. 17 shows inundation and prone area due to 
tsunami disaster according to Mardianto (2008). This 
figure is represents the Case-1 which means case without 
any obstacles (normal slope). 
Fig. 18 shows the inundation and prone area in 
several cases. Decreasing of inundation area in GIS 
analysis represents in this figure. The percentage (%) on 
Fig. 18 is according to numerical simulation in Table 9 
and Fig. 16. According to percentage of vulnerable area 
as shown on Table 10 and ratio of horizontal force in Fig. 
16, found that some cases have similar ability in reduce 
tsunami inundation energy. For example Case-7 and 12; 
Case-7 is topography configuration with 200m width of 
hollow and embankment after hollow topography. The 
results of this configuration have similar with 
configuration with 100m width of hollow, embankment 
after hollow and 5trees/10m  in density of vegetation 
belts in the hollow area. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 18 Inundation and prone area in several cases 
 
Table 10 Percentage of vulnerable area 
 
 
 
 
 
 
 
Table 10 shows the percentage of inundation area 
and coverage of inundation in several cases. Ri/R1 
means ration of prone area in comparison with Case-1, i 
mean a case number, and R1 means the prone area in 
Case-1. Residential area which included in the prone 
area was decreased after analyze with the result of 
numerical simulation in previous study. For an extreme 
example is inundation area in Case-15. Percentage of 
prone area in comparison with Case-1 is only about 
2.20% and this result was very significant value. 
 
Conclusion 
This study evaluates the efficiency of hollow 
topography, which is developed in Lampon village in 
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Indonesia as one of the local wisdoms, in reducing 
tsunami inundation depth and velocity. Furthermore, this 
study evaluates the efficiency of other contrivances, such 
a parallel use of embankment and hollow topography, 
combination of vegetation area, and a multiple-use of 
hollow and embankment topography, in order to enhance 
the performance of countermeasures introduced as a 
local wisdom. This study clears that the hollow 
topography has the function of reducing tsunami 
inundation energy. Single hollow topography plus 
embankment in Case-6 reduces the hydraulic force less 
than 70% on inundation area in comparison with the case 
without any measures in Case-1. Furthermore, the 
parallel use of embankment and hollow topography 
could enhance the reduction of hydraulic force due to the 
flow reflection. 
The multiple-use of embankment, vegetation and 
hollow topography extremely lower the hydraulic force, 
less than 20% against the case without any measures. 
This system also shortens the duration of inundation as 
well, and the system could check the mass of water 
inundate into landward area. The density and width of 
vegetation area directly influence into mass of water and 
inundation flow. Best configuration of vegetation belts is 
200m in width, and density is five trees/10m. 
Effectiveness of vegetation area on reducing tsunami 
inundation energy seems very small in this study 
according to density and wide. The vegetation area with 
enough width has the function of reducing tsunami 
energy, and the parallel use of vegetation area with 
embankment and hollow topography was better in 
comparison with other cases in this study. 
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